The security of civil engineering works demands a periodical monitoring of the structures. The current methods (such as triangulation, water levels, vibrating strings or mechanical extensometers) are often of tedious application and require the intervention of specialized operators. The resulting complexity and costs limit the frequency of these measurements. The obtained spatial resolution is in general low and only the presence of anomalies in the global behavior urges a deeper and more precise evaluation. There is therefore a real need for a tool allowing an automatic and permanent monitoring from within the structure itself and with high precision and good spatial resolution. In many civil structures like bridges, tunnels and dams, the deformations are the most relevant parameter to be monitored in both short and long-terms. Strain monitoring gives only local information about the material behavior and too many such sensors would therefore be necessary to gain a complete understanding of the structure's behavior. We have found that fiber optic deformation sensors, with measurement bases of the order of one to a few meters, can give useful information both during the construction phases and in the long term.
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SOFO System Setup
SOFO is the French acronym of Surveillance d'Ouvrages par Fibres Optiques (or structural monitoring by optical fibers). The measurement setup is based on a double, all-fiber, Michelson interferometer in tandem configuration (see Figure 1 ) [1] . The 1300 nm radiation of a SLED with a rated power of 0.2 mW and a coherence length of 30 microns is launched into a monomode fiber and split, by means of a monomode coupler, into a pair of fibers called respectively the reference and the measurement fibers. The measurement fiber is pre-tensioned and mechanically coupled to the structure in order to follow its deformations, while the reference fiber is free and acts as temperature reference. Both fibers are installed inside the same sensor pipe. The light is reflected by mirrors at the end of the fibers or by a series of partial reflector pairs installed at different fiber locations, this allows the sensors to be multiplexed in-line [2, 3] . The analyzer is a Michelson interferometer with one of the arms terminated with a mobile mirror. It allows the introduction of an accurately known path difference between its two arms. The signal detected by the photodiode is pre-amplified and demodulated by a band-pass filter and a digital envelope filter. For each pair of partial reflectors a triple coherence peak is observed ( Figure 2 ). The central peak is obtained when the Michelson analyzer is balanced, whereas the side peaks correspond to the mirror positions where the path unbalance between the analyzer arms corresponds to the length difference between two twin partial reflectors or the end mirrors. The central peaks from all partial reflectors will thus overlap to a peak of higher intensity, while the lateral peaks will in general appear at different locations. By following the position of the side peaks it is possible to determine the total deformation undergone by the measurement fiber between the corresponding partial reflectors and the coupler. The position of the peaks can be determined with a precision of about 2 microns by computing the center of gravity of the peaks themselves. The main characteristics of the SOFO system are resumed in the following 
Application Examples
The SOFO monitoring system has been applied successfully to a number of structures including bridges [5] , tunnels, dams and laboratory structures. This includes (the number of installed sensors is indicated in parenthesis):
Bridges:
Highway Bridges: Venoge (40) [6] , Lutrive (6+30) [7] , Versoix (104) see Figure  6 [8].
Highway Viaducts: Lully (12) see Figure 5 , OA402 (10). Road Bridge: Bissone (2). Railroad Bridge: Moesa (30) [9] . Tunnels:
Highway Tunnels: Vignes (16), A5 (11). Dams Tunnel: Luzzone (8).
Dams:
Emosson Dam (2) Since 1993, almost 600 sensors have been installed. The survival rate for installation in concrete structures has been between 90% and 95%. The sensors can be installed easily (by a trained worker) and quickly without disturbing the construction schedule. Special care has to be taken in the design of the cabling network used to connect the sensors to a central location were the reading unit can be connected. In many cases it was found that the ingress points were the most delicate details to be considered. Some of the structures cited above, including the Versoix and Lutrive bridges and the Luzzone dam are now ready to be monitored remotely using an opto-mechanic switch (to automate the connection between sensors and reading unit) and a cellular phone with integrated modem. By carrying out the presented applications, it has been found that long-gage deformation sensors are useful for measuring and monitoring many different phenomena like:
• Concrete deformation monitoring during setting.
• Spatial displacement measurement (curvature analysis).
• Prestressing monitoring.
• Crack opening monitoring.
• Neutral axis evolution.
• Creep-flow monitoring.
• Concrete-steel interaction.
• Long-term deformation monitoring.
• Post-seismic damage evaluation.
• Restoration monitoring.
Among the well known advantages of fiber optic sensors, the ones that are most interesting for civil engineering applications include their insensitivity to EM fields (thunderstorms, trains, power lines), their good chemical compatibility (no corrosion problems) and the possibility of remote interrogations over long distances without degradation of the measurement precision.
Conclusions
The benefits of structural monitoring are obvious. A continuous, or at least regular monitoring of a structure can increase the knowledge on its behavior and help to guarantee its safety and to plan for maintenance interventions. Besides short-gage strain sensors that measure directly the local properties of the construction materials, long-gage length deformation sensors can give additional and complementary information on the global behavior of the structure. The SOFO monitoring system is composed of a portable reading unit adapted to field conditions, of a series of sensors that can be either embedded into concrete or surface mounted on metallic and other existing structures and from a software package allowing the treatment of the huge data-flow resulting from these measurements. This system has been applied to a large number of new and existing bridges as well as to other civil structures in order to monitor their behavior and the properties of the construction materials used.
